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Interest in artificial propagation and release of mallards to supplement low natural populations has increased in recent years because of declines in the continental mallard population. The present study was made to determine survival rates and causes of mortality of 6-week-old handreared mallards liberated in Minnesota.
Bellrose and Chase (19SO:3) stated7 "It is evident that a large proportion of any game population will disappear each year from natural causes; it is a responsibility of management to see that the greatest possible use is made by man of the annual losses that normally occur." Little is known of the nature of these natural losses. Stout (1967) reviewed the nature and cause of mortality in wild fledged waterfowl; however, since his review was based almost entirely upon banding studies and obser-vations of wild birds, there are still many questions concerning the nature of nonhunting deaths of hand-reared waterfowl.
During the 1930's, there was speculation as to what happens to hand-reared mallards once they are released in the wild. Lincoln (1934:313) suggested, <'Possibly, because of their semidomesticationa they are merely leading lives of indolence in the marshes7 refusing to migrate or to fly for the hunter; or else, untrained irl the rigors of natural environments, and being solely on their own resources, they may be unable to cope with living conditions and so succumb rapidly to the elements and to natural enemies. ' Most analyses of liberated hand-reared mallards have been through banding returns. It is possible from these data to determine what happens to the birds in terms of gross movement, survival, and lnortality through the hunting season. However, banding returns do rlot reveal the types and extent of mortality occurring prior to the first hunting season. The development of biotelemetry has given researehers the neans to study movements, with a miniInum of disturbanee and interferenee with the normal behavior patterns of an animal. With the use of telemetry, it is also possible to quiekly find remains of dead animals and thereby determine the eause of death. Both telemetry and banding data were used in this study.
G in which 11 males and 9 females carried sex and strain were as equal as possible. radios. The two groups were released on opposite All birds were hatched in incubators and sides of the selected marshes. raised at the McCraw game farm until ffiey The transmitter circuit, similar in design were 6 weeks of age, at which time they to that desciibed by Cochran and Lord were flown to the Minneapolis-St. Paul (1963), covered a frequency range of 52.5 Airport. They were then taken to the re-to 53.5 mHz. Antennas were continuous lease sites, where they were sexed, weighed, loops constructed of braided flexible wire. banded, and some fitted with transmitters The transmitter, which weighed 27-29 prior to liberation. grams, was suspended from the neck of Ducklings for each release were divided the bird by a short loop of flexible braided into two groups so that the number of wire, with the longer continuous loop anradio-marked birds of each sex and strain tenna passing under the humerus of each and the number of control birds of each wing and across the back. Portable re- ceivers with diamond-shaped, bidireetional, loop antennas were used for traeking. Under ideal eonditions, the range was up to 0.S mile, although the working range was rarely greater than 0.25 mile beeause of the reduetion in signal strength when dense stands of eat-tails were between the transmitter and the reeeiver. Yagi antennas, mounted on seetions of television antenna mast, were used to inerease signal strength. A 25-foot mast and antenna with a working range of 0.5 mile was installed as a semipermanent station on release Sites 1, 3, and 4.
Radio loeations were obtained at least onee daily OI1 all surviving radio-marked birds for 21 days after eaeh release. The ehoiee of a 21-day traeking period was made for two reasons. First, at the end of this period, the birds would reaeh flying age and have the ability to leave the study area. Seeond, 21-day traeking periods made it possible to fit four releases at 3-week intervals into the summer and allow time for the last group to attain flight age before the hunting season in early Oetober.
Beeause aetivity of the birds ehanged the eapaeitanee of the loop antennas, the signal quality provided a quiek and aeeurate eheek on the eondition of the radio-marked birds. Visual sightings, therefore, were not always neeessary to determine mortality. Most birds found dead were diseovered within 24 hours of death.
Although predation was not direetly observed, the predator eould be identified in most cases. Mink kills were generally the easiest to diagnose beeause of the mink's habit of eaching food and the frequent presence of mink seats near the kills. Also, mink kilIs almost always had at least part of the neek chewed. Avian predators, on the other hand, would generally leave only the feet and wings or a large pile of feathers, or both. Regurgitated pellets and whitewash were also found near some of the avian kills. These were believed to be caused by great horned owls (Bubo virginianus), because the time of death in all these cases was sometime between late afternoon and early the next morning. Although a number of kills were classified as being due to mammalian predators, circumstantial evidence indicated raccoons (Procyon lotor). These kills generally had the heads chewed off, and sometimes parts of the breasts were eaten. The carcasses had apparently not been moved from the sites of the kills.
RESULTS
Eighty radio-tagged and 99 banded mallards were released, and 56 of the radiomarked birds were tracked 21 days or until death (Tables 1 and 2 ). Most mortality at each release took place within about a 2-week period after release ( Fig. 1 ) Band recovery rates for the first hunting season after release showed 0.0, 4.4, 35.5, and 13.0 percent recovery from Sites 1, 2, 3, and 4, respectively (Tables 1, 27 3) .
A chi-square test for independence of sex and mortality using the Yates correction for continuity (Simpson et al. 1960:190) , as recommended by Maxwell (1961:21)7 indicated that mortality was random between the sexes (P < O.OS).
A similar test indicated that mortality was random between the two genetic strains ( P < 0.05 ) . This lack of difference is in agreement with the findings of Foley ( l9S4 ) who detected no significant difference in survival among game-farm mallards, mallards hatched from eggs taken in the wild, and progeny from crosses between the two strains.
Forty-nine causes of death for radiomarked ducklings were determined (Table  4) . Mortality data for control birds during the 3-week study periods (Table 2) were obtained on the first two releases, but only the first group provided sufficient recoveries to allow for analysis. Mink preda-
1). A Fisher's exact test (Bliss 1967:63 64)
for independence of mortality with respect to release areas indicated a significant difference ( P < 0.01 ) in mortality between releases 1 and 2 compared with releases 3 and 4 (Table 3) . Bliss (1967:63) and Maxwell (1961:23) indicated that exact probability is relatively easy to compute and is preferred when the total sample size is less than about 40. tion aecounted for all known natural mortality of eontrol birds. All the eareasses had been dragged near or into dens that were found by loeating radio-tagged mallard eareasses or by traeking a radio-marked juvenile mink ( Sehladweiler and Storm 1969), or both.
The question of the effeet of the radio package on the behavior and survival of an animal must be eonsidered in telemetry studies. Radio-marked birds did not suffer a signifieantly greater amount of mortality than eontrol birds in the first release. An uncorreeted ehi-square test ( Maxwell 1961: 20) was made of the hypothesis that mortality was independent of the birds being radio-tagged. Beeause of the lack of reliable information on mortality of eontrol birds from the other releases, only data from the first releases were used. Birds not found dead were assumed to have survived through the 3-week study periods. This test produeed a ehi-square value of 1.28, whieh is not signifieant at the O.OS level with one degree of freedom.
The direet band reeovery rate was 10.0 pereent for the radio-marked birds and 16.1 pereent for the eontrols. G. K. Brakhage ( personal eommunication ) reported a direet band reeovery rate of 8.3 pereent for 4,043 FFA hand-reared mallards released in Minnesota this same year. Although our banding data were meager, they suggested that radio-marked birds survived at least as well as these birds. Reports from hunters indicated that the radio-marked birds acted normally when flying and swimming. We believe that, exeept for three mallards mentioned below, the radios did not influenee survival.
Beeause the radio harness allowed for growth of the immature birds, it was loose when plaeed on the 3Mw-grown ducklings. Three birds became entangled in the harnesses and were subsequently found dead, presumably due to physical exhaustion. The three that died from experimental techniques were not ineluded in the analyses. Data from birds whose radios malfunetioned were also excluded. These two factors aceount for the reduetion in the number of birds monitored at each site from 20 to 13, 18, 10, and 15 ( Tables 1, 4 ) .
Immediately upon release, most birds disappeared into the nearest cover. At Sites 1 and 2, this eover was the sedge mat; at Sites 3 and 4, it was cat-tails. At the last two areas, the birds were usually seen near emergent eover, although oeeasional excursions over 100 yards from any emergent eover were observed. At Sites 1 and 2> birds tended to remain on the sedge mat or within a few yards of it.
Observations of the behavior of the released mallards revealed a definite lack of wild behavior. This phenomenon was observed and mentioned in other studies of Generally, ducklings did not beeome notieeably more wary with time and could be approaehed to within easy shotgun range before becoming alarmed. An exception to this was at Site 3, which was the only site with considerable numbers of wild birds present. At this site, wild birds flushed upon approach and alarmed the hand-reared birds. This behavior made the hand-reared birds more difficult to approach, even though they were still not as wary as the wild birds.
Twenty-three of 25 known hunter-kills were from releases 3 and 4 (Table 4 The fact that the ducks in our study tended to remain in large groups would probably classify them as being crowded in the context of 7 whose study indicated that crowded ol clustered prey are more likely to be killed than are scattered prey, even though predators may spend more time looking for scattered prey. Errington ( 1961 ) reported "ganging-up of large numbers of young?) in waterfowl and stated that this <'coultl be nothing else than a compelling attraction for opportunistic predators that happened along" He goes ola to say that "one might feel safe in concluding that the tendencies of many species toward crowding in local areas luay underlie much of the severity ( or the conspicuousness ) of the predation suffered and the difficulties in satisfactorily appraising the population effects of such predation."
Our data ( Fig. 1 ) appear to best fit components 1 and 2 of the model of vertebrate predation der7eloped by Holling (1965> 1966) . Under component 1, there is a generalized responsiveness to unfamiliar environmental stimuli, andv under coznponent 2, the rate of attack increases if the stimulus is palatable or decreases if the stimulus is unpalatable. Especially interesting in this regard are the data from release 1 (Fig. 1) , where no predation was seen to oecur until a week had passed, at whieh time a high rate of predation began, suggesting a response to palatable prey.
The results of this study indicate that hand-reared mallards may be at a disadvantage because they represent a foreign stimulus in the predator's environment. This idea is substantiated by several papers by Errington ( 1943:841, 1967:16S168) that lead to the eonclusion that an animal that is wandering and has no territory or is in unfamiliar habitat is more vulnerable to predation than an animal in a familiar Foley ( 1954 ), on these marshes, discovered an apparent relationship between the amount of available emergent eover that is easily negotiated by swimming ducklings and the success to flying age of liberated mallard ducklings. In a later paper, Foley et al. ( 1961 ) evaluated several releases of waterfowl in New York and concluded that nlarshes were favored in contrast to wooded swamp areas and that open marshes were favored more than dense unbroken marshes. In general, the richer the marsh type, the more it was favored.
Hunt et al. (1958) mentioned that releases in less desirable habitat would probably result in fewer hunter-kills and more birds being lost to other mortality factors. Cover was also considered by Jahn and Hunt ( 1964) in an attempt to explain why bog lakes attraeted so few dueks. They eonsidered the limited food supply in these areas to be largely unavailable to dueks due to the fIoating mat of sedges, sphagnum moss (Sphagnum sp.), and leatherleaf ( Chamaedaphne sp. ) . Presenee of a mat preeludes the use of shallow waters that are preferred by waterfowl for resting and that are required by dabbling dueks for feeding. Thomforde (197W1971) indieated that hand-reared dueklings survived better on ponds with ungrazed shorelines eompared with grazed shorelines, apparently beeause of more available eover on the former.
All of these eited studies support the eonelusion that the survival of dueklings released in this experiment was probably influeneed by the habitat type, with availability of eseape eover being partieularly important.
The direet band reeovery rates of 35.5 pereent from Site 3 and 13.0 pereent from Site 4 eompare favorably with a direet reeovery rate of 16.5 pereent from a sample of 85 normal wild mallards banded as flightless young in west-eentral Minnesota during this same summer ( R. L. Jessen, personal eommunication ) . This finding, plus the 8.3 pereent direct recovery rate for 4,043 FFA mallards previously cited7 indieates comparable or better survival to the hunting season of birds released at Sites 3 and 4.
These banding data also indieate a high vulnerability to hunters on opening day of birds surviving to the hunting season as well as a high reeovery in the vicinity of the release site. This finding agrees with findings of other studies of hand-reared mallards released (Wells 1951 (Wells -1952 The higher survival rate from Sites 3 and 4 may provide elues for more sueeessful releases in the future. We suggest that potential release sites be evaluated to determine if emergent vegetation of good quality is available as escape cover for the released birds. In addition, the fact that released birds apparently learned to be more wary by associating with wild birds at Site 3 may give a clue to the better survival on this area. It appears that for higher survival7 hand-reared mallards should be released on marshes already having a population of wild waterfowl.
